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Description 

[0001 ] The invention relates t an apparatus by which 
the cardiovascular status of patients who are mechani- 
cally ventilated can b assessed by analyzing changes 
in hemodynamic parameters in response to predeter- 
mined changes in ventilation. 

[0002] Cardiovascular function has to be frequently 
monitored in patients that are mechanically ventilated, 
either during anesthesia and surgery or due to some 
disease state. The aim of such monitoring is mainly to 
assess the adequacy of the blood volume status of the 
patient and to assess cardiac function. Cardiovascular 
function is being widely assessed by simply measuring 
the blood pressure and heart rate. However, these 
parameters alone are notorious for being too insensitive 
and too unspecrfic to assess and follow cardiovascular 
changes in sick patients. 

[0003] There are some more advanced methods avail- 
able of measuring cardiovascular function in patients 
who are mechanically ventilated. One of these methods 
is the measurement of the central venous pressure 
(CVP) by a catheter that is introduced through a vein 
into the right atrium or its vicinity (Ref. 1). The pressure 
in the right atrium (CVP), however, does not always 
reflect the pressure in the left side of the heart, i.e., the 
filling pressure of the left ventricle, which is the major 
Wood pumping mechanism. Furthermore, the CVP may 
be elevated due to independent failure of the right heart 
or some lung disease, while the left atrial pressure is, in 
effect, low. Finally, estimating the filling volume of a 
heart chamber by measuring pressure is hindered by 
the compliance of that chamber. 
[0004] A further method which is often used in criti- 
cally ill patients or those who undergo major surgery is 
the introduction of a baloon - tipped pulmonary artery 
(Swan-Ganz) catheter. Thereby the pulmonary capillary 
wedge pressure (PCWP), which is an estimate of the 
left atrial pressure (Ref. 2), is measured. However, like 
the CVP, the PCWP is influenced by the compliance of 
the left ventricle. Furthermore, since the pulmonary cir- 
culation is situated between the tip of the catheter and 
the left atrium, high airway pressures during mechanical 
ventilatory support may cause a false elevation of the 
PCWP. 

[0005] These problems and also the well-known pit- 
falls in the interpretation of filling pressures led to the 
practice that in patients who suffer from circulatory fail- 
ure and in whom it is crucial to diagnose the pathologi- 
cal mechanism of such failure for further therapy, a 
graded fluid loading must be performed (Ref. 3). Such a 
procedure is very time-consuming and is not done very 
frequently. 

[0006] It is also known that in addition to the pitfalls 
interpreting CVP and PCWP values, the insertion of 
CVP and especially of pulmonary artery catheters is 
costly, involves considerabi training and associated 
with a multitude of reported complications (Ref. 2). 



[0007] Another new technique for cardiovascular 
assessment is the so-called transesophageal echocar- 
diography, which is an imaging technique that is mainly 
used for evaluating the size of the heart chambers and 

5 the status of myocardial contractility (Ref. 4). However, 
this method is also very costly, requires a lot of training, 
can be used for only one patient at a time, cannot be 
used continuously for longer periods of time, and is dif- 
ficult to interpret in real time. 

10 [0008] Furthermore, a method called pressure wave- 
form analysis has been recently presented. According 
to this method, the changes in the systolic Wood pres- 
sure during one mechanical breath cycle are clinically 
measured and used for cardiovascular assessment. 

75 Normally, the arterial pressure responds in a bi-phasic 
manner to a rnechnical breath. An early increase in the 
systolic pressure (delta up, dUp) is caused due to tran- 
siently increased stroke volumes. The delta up is then 
followed by a decrease in the systolic pressure (delta 

20 down, dDown), which occurs due to the decrease in the 
amount of blood entering the right heart (venous 
return), due in turn to the increase in intrathoracid pres- 
sure during the mechanical breath. The difference 
between the maximal and minimal values of the systolic 

25 pressure during one mechanical breath is termed 
"systolic pressure variation" (SPV). It is known that the 
SPV and dDown are very sensitive indicators of the fill- 
ing status and that they reflect this status better than 
PCWP and CVP (Ref. 5, 6, 7). 

30 [0009] Recent studies have shown that pressure 
waveform analysis is a powerful tool in order to assess 
the cardiovascular status of mechanically ventilated 
patients. Therein SPV is measured in response to vol- 
ume loads of human albumin infused to mechanically 

35 ventilated patients after abdominal aortic surgery. Per- 
forming pressure waveform analysis on the measured 
data provides reliable information concering the preload 
of patients who have undergone vascular surgery (8). 
[0010] It is an object of the present invention to pro- 

40 vide a new apparatus for assessing cardiovascular 
function in ventilated patients which does not have the 
disadvantages of the methods used in the prior art as 
discussed above. 

[0011] The new apparatus serves to assess the 
45 responsiveness of the patient to the administration of 
intravenous fluids, obviate the need for actual volume 
loading and the performance of invasive measurements 
that are currently used for such assessments. 
[0012] This object is achieved by the apparatus as 
so defined in the claims. 

[0013] The respiratory maneuver of the invention is 
composed of a predetermined sequence of a few, pref- 
erably between 2 and 10, more preferably 2, 3, or 4, 
consecutive tidal volumes of varying magnitude, which 
55 will affect the filling of the heart in a graded manner. In 
general, these incremental changes in the airway pres- 
sure are used as a challenge to th cardiovascular sys- 
tem. The increase in airway pressure that is associated 
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with mechanical ventilati n causes a series of changes 
in the filling and performance of the heart chambers. 
[0014] The most important hemodynamic effects of 
such respiratory maneuver include normally: 

5 

(a) a decrease in the venous return with relative 
emptying of the right atrium and ventricle, leading 
eventually to a transient reduction in left ventricular 
stroke outputs and a transient decrease in the 
systolic blood pressure; w 

(b) an early increase in the filling of the left atrium 
and ventricle due to the squeezing of blood from the 
pulmonary vasculature. This increased preload 
causes an early transient increase in left ventricular 
stroke output during the mechanical breath; is 

(c) a decrease in left ventricular afterload which 
may also augment left ventricular stroke output 
especially during congestive heart failure. The main 
mechanism of this phenomenon is the partial trans- 
mission of the increased airway pressure to the left 20 
ventricle and thoracid aorta relative to the subdia- 
phragmatic aorta. 

[001 5] Thus the normal response of the left ventricular 
stroke output to a mechanical breath is bi-phasic and 25 
includes an early increase followed by a later decrease. 
[0016] More specifically, since the major cardiovascu- 
lar effect of a mechanical breath is the reduction in 
venous return, a series of gradually increasing tidal vol- 
umes will cause a gradual decrease in venous return. 30 
The effects of this graded decrease in venous return on 
the cardiac output will be normally reflected by graded 
decreases in left ventricular stroke output and any phys- 
iological parameter that is influenced by it, e.g., arterial 
pressure, plethysmography signal, Doppler signal, etc. 35 
[0017] In addition, however, the respiratory maneuver 
may also induce respective increases in the hemody- 
namic variable (dUp), signifying the positive cardiovas- 
cular effect of increased airway pressure, which 
characterizes fluid overload with or without heart failure 40 
(Ref. 5, 8). 

[0018] According to the invention, it is possible to 
measure the changes in the above parameters in 
response to the sequential respiratory maneuver. Such 
changes will be expressed by either absolute units, or 45 
preferably by percent changes of cardiovascular param- 
eter per unit change in airway pressure or tidal volume 
(preset or measured). 

[0019] The apparatus of the present invention per- 
forms a so called "respiratory systolic variation test" so 
(RSVT). 

[0020] It is also preferred that short apnea is induced 
prior to carrying out the respiratory maneuver described 
above. 

[0021 ] The invention provides an apparatus for carry- 55 
ing out the above-described respiratory maneuver, 
namely in providing a few consecutive tidal volumes of 
varying magnitude, preferably after short apnea, and 



monitoring the response of a hemodynamic variable to 
these tidal volumes of varying magnitude. The appara- 
tus of the invention consists essentially of a respirator 
which is preferably linked to a monitor, said respirator 
and said monitor being preferably equipped with a spe- 
cially designed software. The ventilator delivers, on 
demand or automatically, a series of tidal volumes of 
varying magnitude at a preset configuration and rate, 
preferably after short apnea. The size of these tidal vol- 
umes is not critical to the present invention and may be 
absolutely preset, set according to the patient's weight 
(e.g.. 5, 10, 15 and 20 ml/kg), or pressure preset, i.e., 
the ventilator will be programmed to deliver tidal vol- 
umes according to varying degrees of preset pressures, 
preferably using a pressure controlled ventilation mode. 
Either the preset or the actually measured volumes or 
pressures may be used in the calculations. 
[0022] The time difference between two tidal volumes 
and hence the time period for the total sequence is not 
critical either and can either be preset or chosen by 
those skilled in the art as required by the actual situa- 
tion. For example, the time difference between two tidal 
volumes is in the range of 4 to 10 seconds and hence 
the total time period for the sequence of, e.g., four con- 
secutive tidal volumes of varying magnitude is, e.g., in 
the range of 16 to 40 seconds. 
[0023] The monitor will preferably be equipped with 
special software that will measure the changes in the 
hemodynamic parameter (e.g., blood pressure, plethys- 
mography signal. Doppler echo, etc.) during and follow- 
ing the variations of the airway pressure. The minimal 
systolic value of the signal of the chosen hemodynamic 
parameter will be recorded after each step of the airway 
maneuver, and a line of best fit can be plotted. The 
slope of that curve, which is the difference in the hemo- 
dynamic signal over the difference in airway pressure or 
volume, will be calculated and expressed according to 
the units of the measured parameter, e.g., mmHg of 
blood pressure/ml of tidal volume, mmHg blood pres- 
sure/cmH 2 0 of airway pressure, % change in systolic 
pressure/cmHaO of airway pressure, % change in 
plethysmography amplitude/ml of tidal volume, etc. The 
actual expired tidal volume or airway pressure can be 
preferably measured and plotted on the graph. Alterna- 
tively, the preset delivered tidal volumes or pressures 
can be used for plotting. 

[0024] In addition to the minimal values mentioned 
above, the maximal values of the measured hemody- 
namic signal, e.g., maximal systolic blood pressure, 
after each breath will be preferably measured following 
each change in airway pressure. A curve depicting the 
slope of the change in that parameter relative to the 
change in tidal volume and/or airway pressure will be 
preferably plotted. The slope of this graph is a possible 
parameter assessing the degree by which an increase 
in airway pressure augments cardiac output. 
[0025] Thus the two lin s of b st fit. that connecting 
the lowest values and that connecting the highest val- 
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ues, that are induced by the respiratory maneuver of the 
invention, create two angles relative to a reference hori- 
zontal line. The ratio of these angles to each other pro- 
vides an additional parameter that reflects the status of 
intravascular filling and cardiac performance. 5 
[0026] The airway pressure maneuver, i.e., th deliv- 
erance of a few incremental volumes/pressures can be 
preferably incorporated into existing ventilators using 
either microprocessors or electronic technology or can 
be delivered by a stand-alone device. The main soft- 10 
ware for the monitoring of the Respiratory Systolic Vari- 
ation Test (RSVT) can be located either in the monitor, 
respirator, or a separate device. The software and the 
monitor can accept information from the ventilator, e.g.. 
the exact time of the start of each breath, the expired 15 
volume, the peak airway pressure, etc. After the start of 
each mechanical breath and during its cycle, the hemo- 
dynamic signal is tracked, and its minimal and maximal 
values are recorded throughout the test. The monitor is 
equipped to calculate and show the slopes of the mini- 20 
mal and maximal values of the hemodynamic parame- 
ter after the completion of the respiratory maneuver as 
well as the angles of the slopes of the change in maxi- 
mal (ups lope) and minimal (downslope) values and the 
ratio. It should also be possible to determine additional 25 
parameters such as the area under the curve, dp/dtmax 
(which is a measure of contractility), etc. 
[0027] Preferably, the monitor is also equipped so as 
to calculate the systolic pressure variation (SPV), which 
is the difference between the maximal and minimal val- 30 
ues of the hemodynamic physiological parameter, e.g., 
blood pressure, during one cycle of the mechanical 
breath. Preferably, the monitor is also able to show delta 
up and delta down, i.e., the degree by which the hemo- 
dynamic physiological parameter increases and 35 
decreases, respectively, in response to airway manipu- 
lation relative to its baseline during the preinspiratory 
period. 

[0028] The appartus of the invention can be used in all 
mechanically ventilated patients in whom a physiologi- *o 
cal parameter that reflects left ventricular stroke volume 
is continuously measured. It can serve as a basic diag- 
nostic test apparatus for the determination of volume 
responsiveness, which is very high during frank hypov- 
olemia and very low or negative during congestive heart 45 
failure and/or volume overload. It may be used in anes- 
thetized patients and in ail other patients that are 
mechanically ventilated by any ventilatory mode. With 
the apparatus of the present invention, it is hence possi- 
ble to easily measure the cardiovascular status by med- so 
ical equipment normally used in any mechanically 
ventilated patient without the need of additional compli- 
cated, costly and difficult-to-use equipment. 

Figure 1 - is a schematic drawing of the 55 

principle of the invention. 

Figure 2 - is an example of a possible respi- 



ratory maneuver. 

Figures 3a to 3d - show the steps of the analysis of 
the changes in the systolic pres- 
sur during the RSVT. 

Figure 4 - is the trace of airway pressure 

during the respiratory maneuver 
(Fig. 4a) accompanied by a trace 
of the arterial blood pressure in a 
volume responsive state (Fig. 4b). 

Figures - shows the respiratory systolic 

variation test (RSVT) performed 
by the present invention in a hypo- 
volemic patient. 

Figure 6 - shows the angles of the RSVT in 

dog #1 (Fig. 6a) and dog #2 (Fig. 
6b) subjected to bleeding, retrans- 
fusion and volume overload. 

Figures 7a and 7b - show the graphic display of the 
changesin the downs tope and ups 
lope of the RSVT during a case of 
aortic surgery. 

Figure 8 - shows the relation of the downs 

lope of the RSVT and the C VP val- 
ues during this procedure of aortic 
surgery. 

Figure 9 - shows the change in the ratio of 

the angles of the upslope (Y) and 
downslope (X) at different CVP 
values. 

Figure 1 0 - shows the response of the downs 

lope to volume loading in 11 
patients. 

[0029] In the following the invention will be explained 
in more detail with reference to Figures 1 -10. 
[0030] Figure 1 is a schematic drawing explaining the 
principle of the present invention. In the lower part the 
airway pressure provided by a respirator is shown and 
the upper part illustrates the response of a hemody- 
namic variable, in which case the blood pressure is 
shown. 

[0031 ] Between T 0 and T 1 normal ventilation is carried 
out. The response of the blood pressure is identical for 
each breath cycle (7 breath cycles are depicted 
between T 0 and T^, showing only statistical variations. 
During each breath cycle the dUp and dDown in the 
blood pressure can be seen. 

[0032] At T 1 short apnea is induced (optional), which 
ends at T 2 . It is evident that th blood pressur is con- 
stant during the apnea, not showing any dUp or dDown, 
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[0033] At T 2 the variation of the airway pressure is ini- 
tiated, starting at an airway pressure of, e.g„ 1 0 cmH 2 0 
in the first breath cycle and increasing up to, e.g., 40 
cmH 2 0 in the fourth breath cycle. In the upper part of 
Figure 1 th charact ristic response of the blood pres- 
sure is shown, it is evident that the maximal values of 
the blood pressure during each breath cycle increase 
with increasing airway pressure and that the minimal 
values of the blood pressure during each breath cycle 
decrease with increasing airway pressure, in other 
words, the dependence of the dUp and dDown values* 
on variations in airway pressure are shown. 
[0034] At T 3 the variation of the airway pressure ends 
and a second short apnea (optional) is induced, leading 
to a constant blood pressure which can be used as a 
reference value for evaluating the effect of the airway 
pressure variation on the blood pressure. 
[0035] At T 4 the short apnea ends and normal ventila- 
tion is continued. 

[0036] Typical values for the time difference Tq-T, are 
in the region of 25 to 50 seconds i.e. about 8 to 16 
breaths/min. Typical values for the airway pressure dur- 
ing normal ventilation are in the region of 15 to 30 
cmH 2 0. 

[0037] The maximal airway pressure which can be 
used during the variation of the airway pressure 
depends on the condition of the patient but is normally 
below 40 cmH 2 0. 

[0038] Figure 2 shows an example of a possible res- 
piratory maneuver consisting of four consecutive 
breaths. The ventilatory mode used is pressure control- 
led ventilation at a rate of 8/min, l:E ratio 1 :3. The respi- 
ratory maneuver in this example includes five levels of 
pressure, namely 0, 10, 20, 30 and 40 cmH 2 0. The spe- 
cific variables, i.e., the number of breaths, and the level 
and duration of pressure can be changed according to 
the circumstances and the condition of the patient or will 
be fixed in the apparatus. The zero pressure level (or 
the PEEP level) serves for the determination of the 
value of the hemodynamic parameter during apnea. 
[0039] Figure 3a shows the response of a hemody- 
namic parameter (in this case the blood pressure) to a 
respiratory maneuver as shown in Figure 2. Figure 3b 
exemplifies the identification of the minimal (X) and 
maximal (Y) systolic values after each change in airway 
pressure, i.e. during each of the four cycles of mechan- 
ical breaths. 

[0040] Figure 3c shows the lines of best fit for the min- 
imal (X) and maximal (Y) values. 
[0041] Figure 3d exemplifies the calculation of the 
slope of each line characterized by angle a for the 
downs lope and angle b for the upslope. Downslope X is 
a measure of volume responsiveness while ups lope Y 
is a measure of cardiac (stroke) output augmentation. 
[0042] In Figure 4 a respiratory maneuver and the 
resulting changes in the arterial blood pressure which 
occur in a volume responsive normal patient ar shown. 
The gradual significant decreases in the systolic pres- 



sure after each breath (accounting for th steep line of 
best fit) are significant for the volume responsiveness of 
the patient. 

[0043] Figure 5 shows how a hemodynamic variable 

5 (in this case also the blood pressure) responds to the 
respiratory maneuver of the present invention if the 
patient is very hypovolemic. The diagnosis of hypovo- 
lemia can be made by a skilled person by looking at the 
steepness of line X connecting the minimal systolic val- 

10 ues (A t B,C,D). Even the slope of line Y, connecting the 
maximal values (1.2,3,4), is slightly negative, thus con- 
firming the diagnosis of severe hypovolemia. 
[0044] Figure 6 depicts an example of a possible anal- 
ysis of the changes in the blood pressure curve follow- 

75 ing the respiratory maneuver of the present invention in 
two dogs during bleeding of 30% of estimated blood vol- 
ume (A), retransfusion of shed blood (B), and additional 
volume overload (C). In this figure the Y axis is the % of 
change in the blood pressure at four levels of airway 

20 pressure (X axis) . It can be clearly seen that depending 
on the volume states, slope a in equation y = ax + b 
varies, the slope during hypovolemia being the steepest 
while the slope during volume overload being the flat- 
est. Therefore, the slope of the hemodynamic variable 

25 during the respiratory maneuver allows a skilled person 
to decide whether fluid transfusion should be made in a 
patient having symptoms of impending circulatory fail- 
ure, or whether a volume overload has already 
occurred, so that other therapeutic measures are nec- 

30 essary. 

[0045] In Figures 7a and 7b the repetitive use of the 
RSVT performed by the present invention during aortic 
surgery is demonstrated. Points 1-13 denote the follow- 
ing intraoperative events: 

35 

1. Significant hypovolemia due to bleeding (prior to 
clamping); 

2. immediately after aortic clamping; 

3. several minutes after clamping during drop in 
w blood pressure; 

4. after infusion of one liter and during light 
anesthesia; 

5. after addition of nitrous oxide; 

6. additional volume replacement with blood and 
45 hemaecel; 

7. following epidural injection of 25mg bupivacaine 
(Marcaine); 

8. prior to unciamping; 

9. dopamine infusion started prior to unciamping; 
so 1 0. immediately after unciamping first leg; 

1 1 . immediately after unciamping second leg; 

12. after bolus dopamine due to hypotension unre- 
sponsive to volume replacement; and 

13. after addition of nitroglycerin (0.8mg/kg/min) 
55 and 25mg epidural bupivacaine (Marcaine) for 

hypertension. 

[0046] Figure 7a depicts the change in the downs lope 



5 



9 

of the four minimal systolic values during the RSVT. The 
exagg rated volume responsiveness at points 1-4 and 
13 can be clearly se n while points 7, 8, 10. 1 1 and 12 
are characterized by a lack of change in the systolic 
blood pressure during the respiratory maneuver of the 
present invention, thereby denoting a n n-volume 
responsive state and indicating t a skilled person that a 
blood transfusion would probably not be of too much 
use, while cardiotonic agents may improve cardiac func- 
tion, if so desired. 

[0047] Figure 7b depicts the change in the upslope, 
i.e., the maximal systolic values, during the RSVT. 
Points 10-12 are characterized by steep upslopes and 
flat downslopes from which a skilled person can take 
that the filling pressures are high and that possibly a sig- 
nificant reduction in cardiac contractility (heart failure) 
has occurred. 

[0048] In Figure 8 the relation between the % change 
in the minimal systolic values during the method per- 
formed by the present invention and the CVP (a method 
of the prior art discussed above) during this case of aor- 
tic surgery is shown. The r value is -0.69 and actually 
closer to -1 if the outlier is disregarded. This shows a 
significant correlation between the CVP measured by 
the complicated methods of the prior art and the mini- 
mal systolic values easily measured by the present 
invention. 

[0049] In Figure 9 events 1 , 2, 9 and 1 1 of aortic sur- 
gery as explained in Figure 7 were used to show that 
the ratio between the angles of the downs lope (X) and 
ups lope (Y) change at different values of the central 
venous pressure (CVP). Low CVP values are associ- 
ated with greater angles, which reflect hypovolemia, 
thereby giving a skilled person helpful means in estab- 
lishing this diagnosis. It should be noted that the X- 
slope expressed by a% decreases and that the Y-slope 
(c^) increases at higher CVP values. 
[0050] Figure 1 0 shows the results of volume loading 
in 1 1 patients. In this graph the downslope on the X axis 
is the difference between the minimal systolic blood 
pressure after two breaths of 20 and 5 ml/kg, i.e. 
downslope - SBPmin20 - SBPminS . The dDownslope 
on the Y axis is the change in the downslope after vol- 
ume loading in 1 1 patients. The graph shows that higher 
baseline downslopes are associated with a more signif- 
icant response to volume loading. The present invention 
can also be used to follow the effects of volume admin- 
istration. 
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Claims 

35 1. Apparatus for cardiovascular assessment in venti- 
lated patients, comprising a ventilator for ventilating 
a patient and means for measuring hemodynamic 
parameters, characterized by 

40 (a) said ventilator being designed to deliver at 

least a few tidal volumes or pressure levels of 
different magnitude, 

(b) means for measuring the hemodynamic 
response to the variation of the tidal volumes or 

45 pressures, and optionally 

(c) a calculating unit adapted to perform ana- 
lytic calculations in response to said measured 
data. 

so 2. An apparatus according to claim 1 , characterized in 
that the calculating unit calculates the slope of the 
line of best fit of the peak or trough values of the 
hemodynamic response. 

55 3. An apparatus according to claim 1 or claim 2, char- 
acterized in that the calculating unit calculates the 
area under the curve of said hemodynamic 
response in a certain region. 
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4. An apparatus according to claim 1 , claim 2 or claim 
3, characterized in that the calculating unit calcu- 
lates the difference between th peak or trough val- 
ues of said hemodynamic respons and a 
reference value measured during a short apnea. 

5. An apparatus according to anyone of the previous 
claims, characterized in that the means for measur- 
ing the hemodynamic response is adapted for 
measuring a parameter reflecting the left ventricular 
output. 

6. An apparatus according to anyone of the claims 1 
to 4, characterized in that the means for measuring 
the hemodynamic response is adapted for measur- 
ing the blood pressure. 

7. An apparatus according to anyone of the claims 1 
to 4, characterized in that the means for measuring 
the hemodynamic response is adapted for measur- 
ing the plethysmography signal. 

8. An apparatus according to anyone of the claims 1 
to 4, characterized in that the means for measuring 
the hemodynamic response is adapted for measur- 
ing the Doppler or echo signals. 

9. An apparatus according to anyone of the previous 
claims, characterized in that the means for measur- 
ing the hemodynamic response is adapted for con- 
tinuously measuring. 

Patentanspruche 

1 . Vorrichtung zur Bestimmung des Herz- und GefaG- 
zustands bei beatmeten Patienten, die ein Beat- 
mungsgerat zur Beatmung eines Patienten und 
Mittel zum Messen hamodynamischer Parameter 
aufweist, dadurch gekennzeichnet, daB 

(a) das Beatmungsgerat so beschaffen ist, daB 
wenigstens einige Hubvolumen oder Druckpe- 
gel unterschiedlicher GrOBe geliefert werden 
kfinnen, 

(b) Mittel zum Messen der hamodynamischen 
Antwortauf die Variation der Hubvolumen oder 
Drucke, und im Bedarfsfall 

(c) eine Recheneinheit, die analytische 
Berechnungen im Ansprechen auf die 
gemessenen Daten durchfOhren kann. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet. daB die Recheneinheit die Steigung der 
Mittel wertsausgleichsgerade der Maximal- oder der 
Minimalwerte der hamodynamischen Antwort 
berechnet. 

3. Vorrichtung nach Anspruch 1 , Anspruch 2, dadurch 



gekennzeichnet, daB die Recheneinheit die Fiache 
unter der Kurve der hamodynamischen Antwort in 
einem bestimmten Bereich berechnet. 

5 4. Vorrichtung nach Anspruch 1 oder Anspruch 2 oder . 
Anspruch 3, dadurch gekennzeichnet, daB die 
Recheneinheit die Differenz zwischen den Maxi- 
mal- oder den Minimalwerten der hamodynami- 
schen Antwort und einem wahrend einer kurzen 

io Apnoe gemessenen Referenzwert berechnet. 

5. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die Mittel 
zum Messen der hamodynamischen Antwort 

is geeignet sind, einen Parameter zu messen, der den 
linksventrikuiaren AusstoB wiedergibt. 

6. Vorrichtung nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB die Mittel zum Mes- 

20 sen der hamodynamischen Antwort zum Messen 
des Blutdruckes geeignet sind. 

7. Vorrichtung nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB die Mittel zum Mes- 

25 sen der hamodynamischen Antwort zum Messen 
des plethysmographischen Signals geeignet sind. 

8. Vorrichtung nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB die Mittel zum Mes- 

30 sen der hamodynamischen Antwort zum Messen 
der Doppler- oder Echosignale geeignet sind. 

9. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die Mittel 

35 zum Messen der hamodynamischen Antwort zur 
kontinuierlichen Messung geeignet sind. 

Revendications 

40 1 . Dispositrf devaluation cardio-vasculaire de patients 
ventiISs, comprenant un ventilateur destin6 a venti- 
ier un patient et un moyen destine k mesurer des 
param&res hSmodynamiques, caracteris6 en ce 
que : 

45 

(a) ledit ventilateur est congu pour d6livrer au 
moins quelques volumes ou niveaux de pres- 
sion d'air de respiration de grandeurs diff6ren- 
tes, 

50 (b) un moyen destine a mesurer la r6ponse 

hdmodynamique a la variation des volumes, ou 
pressions, d'air de respiration, et de facon 
optionnelle, 

(c) un module de calcul susceptible d'effectuer 
55 des calculs analytiques en rGponse auxdites 

donn6es mesurSes. 

2. Dispositif s Ion la revendication 1, caract6ris6 en 
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ce que le module d calcul calcule (a pente d la 
ligne d meilleur ajustement des valeurs de pic, ou 
de creux, de la r6ponse h^modynamique. 

3. Dispositif selon la revendication 1 ou la revendica- 5 
tion 2, caracteris6 en ce que le module de calcul 
caicule I'aire qui se trouve sous la courbe de ladite 
rSponse h6modynamique dans une certaine 
region. 

10 

4. Dispositif selon la revendication 1 , la revendication 
2 ou la revendication 3, caracteris6 en ce que le 
module de calcul calcule la difference entre des 
valeurs de pic, ou de creux, de ladite r6ponse 
hSmodynamique et une valeur de teterence mesu- 15 
r6e pendant une courte apn6e. 

5. Dispositif selon I'une quelconque des revendica- 
tions ptecSdentes, caract6ris6 en ce que le moyen 

de mesure de la rSponse h6modynamique est 20 
adapte k mesurer un param&re reftetant la sortie 
ventriculaire gauche. 

6. Dispositif selon I'une quelconque des revendica- 
tions 1 k 4, caracteris6 en ce que le moyen de 25 
mesure de la nfponse h6modynamique est adapte 

k mesurer la pression sanguine. 

7. Dispositif selon I'une quelconque des revendica- 
tions 1 k 4, caract6ris6 en ce que le moyen de 30 
mesure de la teponse h6modynamique est adapte 

k mesurer le signal pl6thysmographique. 

8. Dispositif selon Tune quelconque des revendica- 
tions 1-a 4, caracteris6 en ce que le moyen de 35 
mesure de la nSponse h6modynamique est adapte 

k mesurer des signaux de Doppler ou d'6cho. 

9. Dispositif selon I'une quelconque des revendica- 
tions pr6c6dentes, caracteris6 en ce que le moyen 40 
de mesure de la r6ponse hemodynamique est 
adapts a effectuer une mesure continue. 
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